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An improved method for increasing the relative viscosity 
and molecular weight of a polyamide polymer (such as 
nylon 6,6, nylon 6, and the like) while in the solid state 
involving the use of a phosphorus-containing catalyst (such 
as 2(2'-pyrydyl)ethyl phosphonic acid, sodium hypophosphite, 
tolyl phosphinate and manganese hypophosphite or the like) 
in combination with an oxygen free gas characterized by 
a low dew point (typically below 30 °C and preferably 
below -30 °C). Operational and commercial advantages are 
derived from the combination of using simultaneously a 
phosphorus-containing catalyst and the recycle of very low 
dew point drying gas at lower operating temperatures than 
previously employed in conducting solid phase polymerization 
of polyamide polymer. Such a process is of particular value 
during the production of terpolyamide and multipolyamide 
polymer intended for use in colored nylon fiber manufacture. 



LOW 




CONTINUOUS 


* M0L. WT. 




OR BATCH 


PELLETS 




POLYMERIZER 



SALT 

CATALYST 
ANTIOXIDANT 




-16 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/23666 



PCT/US97/21941 



METHOD FOR SOLID PHASE POLYMERIZATION 
BACKGROUND OF THE INVENTION 

5 

L Field of the Invention: 

The present invention relates to a method of increasing the relative 
viscosity, RV, of a polyamide polymer while in the solid state. More specifically 
but not by way of limitation, the invention relates to an improved method for solid 
10 phase polymerization of polyamide polymer (e.g., nylon 6,6) wherein phosphorus 
catalyst-containing polyamide low RV moist pellets or the like are treated with a 
low dew point (typically below 30°C) drying gas such as to promote a rapid 
increase in RV. 

15 2. Description of Related Art: 

In conventional solid phase polymerization, SPP, (see for example 
U. S. Pat No. 3,821,171) wherein commercial quantities of polyamide polymer are 
treated with high dew point (e.g., 10°C to 50°C) drying gas with or without the use 
of catalyst (such as phosphoric acid, phenyl phosphinic acid and sodium 

2 0 hypophosphite), high temperatures (e.g., above 140°C) and long hold up time (of 8 

hours or greater), are required to raise RV of incoming pellets and thus produce 
product of desired molecular weight to be typically remelted in an extruder and 
spun to form fiber. In addition to the higher investment and cost associated with 
the SPP vessel, the long hold up time results in high inventory, which in turn 
25 makes it difficult to transition to new products. This is especially true when the 
new product requires a different temperature set point on the circulating gas in the 
SPP unit because the new product requires a different throughput or a different RV 
relative to the old product. Water or steam injected in the SPP unit acts very 
slowly and it often takes more than one hour to adjust the RV at the spinneret. 

3 0 Also, at high temperatures (typically above 140°C) cyclic oligomers evolve from 

nylon 6,6 pellets and then recondense on the cooler surfaces, thus requiring 
periodic overhaul of the SPP vessel and piping. Oxidative degradation is also 
higher at the high SPP temperatures. 

35 SUMMARY OF THE INVENTION 

In view of the above problems it has been discovered that the use of 
an ultra dry gas characterized by a dew point below 30°C in combination with a 
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phosphorus containing SPP catalyst leads to markedly increased solid state 
polymerization rates at significantly lower reaction temperatures. Faster reaction 
kinetics at lower reaction temperatures leads to employment of smaller SPP reactor 
vessels, reduced reactor inventory/residence times and/or greater through put. 
This in turn results in lower equipment costs, quicker transition and less waste 
associated with changes from one commercial grade of product to another, reduced 
unwanted side reactions and overall improved operating efficiencies and costs. 

Thus the present invention provides an improved process for solid 
phase polymerizing polyamide polymer comprising the steps of: 

(a) passing an oxygen free gas, wherein the gas is characterized by a 
dew point less than 30°C, through the interstitial space between particulate 
solid phase polyamide polymer, wherein the polymer contains an effective 
amount of a phosphoros-containing catalyst, at a temperature and for a time 
sufficient to sustain solid phase polymerization of said polyamide polymer 
at a reaction rate characterized by a catalyst factor, corresponding to the 
ratio of 3rd order rate constants of catalyst-containing polymer divided by 
uncatalyzed polymer, of greater than 1.2; and 
(b) recovering polyamide polymer of increased molecular weight. 

The present invention further provides in one specific embodiment 
of the above process a continuous commercial process wherein the particulate 
solid phase polyamide polymer is introduced to the top of a solid phase 
polymerization vessel and removed at the bottom and simultaneously the oxygen 
free gas phase is introduced to the bottom of said vessel and removed from the top 
and further comprising the steps of: 

(a) passing at least a portion of the oxygen free gas phase removed from 
said vessel through a desiccant such as to lower the dew point to a value of 
-30°C or below; and 

(b) recycling the low dew point gas produced in step (a) to the bottom of 
the solid phase polymerization vessel. 

In another related embodiment the particulate solid phase polyamide polymer is 
further subjected to radio frequency drying prior to introducing the polymer to the 
top of a solid phase polymerization vessel. 

It is a primary object of the present invention to provide a process 
for solid phase polymerization of polyamide polymer resin at commercial scale 
that exhibits significantly improved chemical kinetics relative to the rate of 
polymerization even at lower temperatures than conventionally employed. It is an 
associated object of the present invention to provide such a process that is 
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particularly useful in the production of modern terpolyamide and multipolyamide 
polymer intended for use in colored nylon fiber manufacture. Fulfillment of these 
objects and the presence and fulfillment of related objects will be apparent upon 
complete reading of the specification and attached claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates one specific embodiment of the present invention 
wherein drying gas from the top of the SPP reactor is passed through a desiccant 
column to achieve very low dew point before being recycled to the bottom of the 
SPP reactor. 

Figure 2 illustrates an alternate embodiment of the invention wherein 
the polyamide polymer pellets are subjected to radio frequency drying prior to 
entering the SPP reactor. 

Figure 3 is a plot of the 3rd order polymerization rate constant, K3, 
as a function of temperature for catalyzed polyamide polymer pellets when using 
high and low dew point drying gas. 

Figure 4 is a plot of the 3rd order polymerization rate constant, K3, 
as a function of temperature for uncatalyzed as well as catalyzed polyamide 
polymer pellets when using high and low dew point drying gas for each. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The solid phase polymerization process of the current invention 
comprises heating phosphorus catalyst-containing polyamide polymer pellets or 
the like in an oxygen-free gas at low dew point to increase the molecular weight of 
the polymer. It has been found that solid phase polymerization rates for 
phosphorus catalyst-containing polyamides at dew points less than about 30°C are 
significantly higher than rates for processes run at high dew point and/or using 
catalyst-free polyamide. It is believed that moisture in the pellets deactivates the 
catalyst. The low dew point gas provides a driving force for diffusion of moisture 
from the interior to the surface of the polyamide pellets and evaporation of that 
water from the surface, increasing the activity of the catalyst. In the absence of 
catalyst, lowering the dew point to below 30°C has little effect on the rate of solid 
phase polymerization. 

As used herein, the term "amide-forming moiety" refers to the 
radical of a diacid, diamine, or lactam. For example, the amide-forming moieties 
of nylon 6,6 are -fHN-fCH^NH-)- derived from the monomer hexamethylene 
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diamine, HMD, and -fOC-f^H^^O-)- derived from the monomer adipic acid. 
The term "amide unit" refers to units formed by two amide-forming moieties. For 
example, the amide units of 2-methyl pentamethylene diamine, MPMD, are the 
recurring units formed by the reaction of that diamine with an acid end-group, 
such as those of diacids and lactams. The term "interpolyamide" is used herein to 
refer to polyamides comprised of two or more different recurring amide units, thus 
having at least three different amide-forming moieties as part of the polymer chain. 
The interpolyamides can be formed by reacting a mixture of the monomeric 
ingredients or by co-melting two or more different polyamides. The term 
"copolymer" (i.e., "copolyamide") is used to describe the group of interpolyamides 
formed from only three different amide-forming moieties. The term "terpolymer" 
(i.e., "terpolyamide") refers to polyamides having only four different amide- 
forming moieties. The term "multipolymer" (i.e., "multipolyamide") refers to 
polyamides comprised of more than four different amide-forming moieties. 

For simplicity, specific interpolyamides will be described herein by 
referring to the amide units in the polymers and the weight percent of those units 
in the final polymer. For example, 3% MPMD,I/1.5% 6,5-sulfoisophthalic 
acid /95.5% 6,6 refers to a multipolyamide in which 3 weight percent of the amide 
units in the final multipolyamide are derived from 2-methyl pentamethylene 
diamine, MPMD, and isophthalic acid, I; 1.5 weight percent of the amide units are 
derived from hexamethylenedi amine, HMD, and 5-sulfoisophthalic acid, and 95.5 
weight percent of the amide units are derived from HMD and adipic acid. 
Terpolymer 1.5% MPMD,I /98.5% 6,6 refers to a terpolyamide in which 1.5 wt% 
of the amide units in the final terpolyamide are derived from MPMD and 
isophthalic acid and 98.5 wt% of the amide units are derived from HMD and 
adipic acid. 

Polyamides useful in the process of the current invention are well 
known in the art and include polyamides obtained by condensation of diacids and 
diamines or salts thereof, polyamides which are the condensation product of 
lactams or aminoacids, and polyamides which are prepared by reaction of an 
omega-amino nitrile or mixture of a diamine and dinitrile in the presence of water. 

Homopolyamides obtained from the condensation of a single 
diamine and a single diacid and interpolyamides obtained by condensation of a 
mixture of two or more diamines with one or more diacids or a mixture of two or 
more diacids with one or more diamines can be used. Suitable monomers include 
aliphatic, alicyclic, and aromatic diamines having 4-16 carbon atoms and aliphatic, 
alicyclic, and aromatic dicarboxylic acids having 4-16 carbon atoms. Mixtures of 
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two or more polyamides can also be used. Preferred diacids include adipic acid, 
sebacic acid, suberic acid, dodecanedioic acid, azelaic acid, terephthalic acid, 
isophthalic acid, and 5-sulfoisophthalic acid. Preferred diamines include 
hexamethylene diamine, tetramethylene diamine, pentamethylene diamine, and 2- 
methyl pentamethylene diamine. 

Homopolyamides or interpolyamides formed by reaction of 
aminocarboxylic acids or the corresponding lactams or interpolyamides thereof 
with diamines and diacids can also be used. Preferred are aminocarboxylic acids 
or the corresponding lactams having 6-12 carbons including caprolactam, 
laurolactam, enantholactam, omega-aminoundecanoic acid, and aminododecanoic 
acid. 

Preferred polyamides are poly(hexamethylene adipamide), nylon 6,6, 
polycaprolactam, nylon 6, and interpolyamides thereof containing less than about 
15 wt% comonomers. The process of the current invention is especially useful for 
solid phase polymerization of interpolyamides, including copolyamides, 
terpolyamides and multipolyamides which generally solid phase polymerize with 
slower kinetics than the corresponding homopolymers. The polyamides can 
optionally include additives such as plasticizers, delusterants, pigments, dyes, 
antioxidants, antistatic agents, and the like as generally known in the art. 

The polyamides can be prepared using batch or continuous methods 
known in the art. A typical example of a batch process is a two stage process. In 
the first stage, one or more aqueous salt solutions are charged into an evaporator. 
The desired additives, including the phosphorus catalyst, are conveniently added 
simultaneously with the salt solutions or sequentially during the first stage. 
Alternatively, some or all of the additives can be charged during the second stage. 

The reaction mixture is heated to the boil under slight pressure in an 
inert atmosphere to remove excess water. A slight pressure is desirable to 
minimize the loss of volatile materials such as hexamethylenediamine. Upon 
reaching a concentration in the range of 10 to 30 weight percent water, the reaction 
mixture is transferred to an autoclave for the second stage of the process. It is at 
this point that some or all of the additives that are needed in the final product may 
alternatively be added. The reaction mixture is maintained under an oxygen-free 
atmosphere to avoid undesirable side reactions such as oxidative degradation. The 
reaction mixture is heated to a temperature between 175 and 200°C, while 
increasing pressure to about 300 psia to minimize loss of volatile organic 
compounds. The temperature is then increased to 250 to 275°C and the pressure 
released at a slow rate to bleed off steam and to drive the condensation reaction 
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towards polymerization. While maintaining approximately the same temperature, 
the reaction mixture is held at a low constant pressure for a sufficient time to 
obtain the desired extent of the reaction. The polyamide is then extruded from the 
reaction vessel, for example in the form of a strand, and cut into pellets. Most 
conventional sizes and shapes of molding pellets are suitable for use in the current 
invention. For example, pellets in the shape of right cylinders having dimensions 
of approximately 90 x 90 mils (2.3 x 2.3 mm) are convenient. Preferably the 
smallest dimension is not greater than about 0.125 in (3.175 mm) to ensure 
uniform polymerization throughout the pellet. However, smaller particle sizes 
may be used. Thus it should be appreciated that the solid phase polyamide can be 
shaped and recovered in other particulate forms than pellets and all such 
particulate forms are amenable to the improved solid phase polymerization process 
of the instant invention. 

The starting polyamide material can be of any convenient molecular 
weight. The starting polyamide preferably has a number average molecular weight 
between about 2,000 and 20,000. Starting molecular weights of from 10,000 to 
18,000 are convenient. Higher molecular weights may be used, depending on the 
end use. 

Solid state polymerization catalysts suitable for use in the current 
invention are oxygen-containing phosphorus compounds including those described 
in Curatolo et al., U.S. 4,568,736 such as phosphorous acid; phosphonic acid; 
alkyl and aryl substituted phosphonic acids; hypophosphorous acid; alkyl, aryl and 
alkyl/aryl substituted phosphinic acids; phosphoric acid; as well as the alkyl, aryl 
and alkyl/aryl esters, metal salts, ammonium salts and ammonium alkyl salts of 
these various phosphorus containing acids. Examples of suitable catalysts include 
x (CH 2 ) n P0 3 R2, wherein X is selected from 2-pyridyl, -NH 2 , NHR', and N(R') 2 , 
n=2 to 5, R and K independently are H or alkyl; 2-aminoethylphosphonic acid, 
potassium tolylphosphinate, and phenylphosphinic acid. Preferred catalysts 
include 2-(2'-pyridyl) ethyl phosphonic acid, PEPA, and metal hypophosphite salts 
including sodium and manganous hypophosphite. It may be advantageous to add a 
base such as an alkali metal bicarbonate with the catalyst to minimize thermal 
degradation, as described in Buzinkai et al., U.S. Patent 5, 1 16,919. 

Generally the catalyst is added in an amounts from about 0.5 up to 
about 5 moles per million grams, mpmg, of polyamide (typically about 15.5 to 155 
ppm based on polyamide). This range provides commercially useful rates of solid 
phase polymerization under the conditions of the current invention, while 
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minimizing deleterious effects which can occur when catalyst is used at higher 
levels, for example pack pressure rise during subsequent spinning. 

For effective solid phase polymerization, it is necessary for the 
catalyst to be thoroughly dispersed in the polyamide pellets. A particularly 
convenient method for adding the phosphorus catalyst is to provide the catalyst in 
a solution of polymer ingredients in which polymerization is initiated, e.g., by 
addition to a salt solution such as the hexamethylene-diammonium adipate 
solution used to make nylon 6,6 as described above. Alternately, the catalyst can 
be introduced into the polymer melt such as by injection into a low RV polymer 
melt prior to pelletizing. 

The starting phosphorus catalyst-containing polyamide pellets are 
heated in solid phase polymerization vessel assembly in a substantially oxygen- 
free gas such as nitrogen, argon, or helium. The preferred gas is nitrogen. 
Atmospheres containing other gases, for example nitrogen containing low levels of 
carbon dioxide, can also be used. The gas is generally heated to provide the 
thermal energy to heat the pellets or particulate polyamide polymer. For purposes 
of the present invention, the term oxygen free gas refers to a gas containing at 
most 5,000 ppm oxygen when intended for use at temperatures of the order of 
1 10°C down to containing less than 500 ppm oxygen for applications approaching 
190°C and containing as low as a few hundred ppm oxygen for some applications 
highly sensitive to oxidation. 

The dew point of the feed gas must be less than about 30°C. Dew 
points of 30 to -100°C are particularly useful, preferably -10 to -80°C, more 
preferably -10 to -50°C. At dew points much lower than about -50°C, the cost of 
drying increases substantially relative to the additional benefit achieved by further 
lowering of the dew point. The feed gas can be dried to achieve the desired dew 
point such as by passing the gas through an absorbent such as Linde molecular 
sieves or through a desiccant such as phosphorus pentoxide or the like. 

The catalyst-containing polyamide pellets are heated while 
circulating the low dew point gas through the pellet bed for a period of time 
sufficient to achieve the desired increase in molecular weight. Generally, 
.molecular weights after solid phase polymerization of 14,000 to 22,000 are useful 
for fiber-forming applications. Solid phase polymerization temperatures between 
120 and 200°C are generally useful, preferably 120 to 200°C, most preferably 140 
to 170°C. At temperatures below about 120°C, the catalyst continues to provide 
an increase in solid phase polymerization rate versus catalyst-free polymer under 
low dew point conditions, however the residence time required at lower 



WO 98/23666 



PCT/US97/21941 



-8- 

temperatures are long and require the use of undesirably large solid phase 
polymerization vessels. Temperatures greater than 200°C can result in thermal 
degradation and agglomeration of the pellets. The rate of solid phase 
polymerization at low dew point in the presence of phosphorous catalysts 
increases significantly at temperatures above 160°C. However, temperatures 
below 170°C are preferred to reduce evolution of oligomers and loss of volatile 
additives from the pellets. For example, in nylon 6,6 increasing amounts of fine 
dust is formed from condensing volatile oligomers which are evolved from the 
pellets at temperatures greater than about 170°C. Temperatures above 170°C are 
useful when it is desirable to complete the solid phase polymerization as rapidly as 
possible. 

The synergistic effect of catalyst and low dew point results in 
significantly increased rates of solid phase polymerization versus processes which 
are run at high dew points or in the absence of catalyst. A convenient quantitative 
measure of the effect of catalyst is the catalyst factor, defined herein as the 
numerical ratio of the 3rd order rate constant associated with the rate of solid 
phase polymerization of catalyst-containing polymer divided by the 3rd order rate 
constant associated with the rate for catalyst-free polymer. Preferably, solid phase 
polymerization conditions and catalyst concentrations are selected such that 
catalyst factors of greater than 1.2 are achieved. This results in at least a 20% 
reduction in residence time required to achieve the same increase in molecular 
weight when catalyst is used. Generally, catalyst factors of close to one are 
obtained for solid phase polymerization processes conducted at high dew point 

The process of the current invention also allows lower solid phase 
polymerization temperatures to be used at approximately the same residence time 
compared to conventional processes. Residence times of about 0.5 to about 36 
hours are useful with longer times required at lower temperatures. At temperatures 
of 140-170°C, residence times of about 2 to 8 hours are preferred. 

The solid-phase polymerization process of the current invention can 
be carried out in continuous or batch mode. One specific embodiment of a 
preferred continuous process is illustrated in Figure 1. As shown schematically at 
the top of Figure 1, low molecular weight phosphorus catalyst-containing pellets 
are prepared using batch or continuous polymerization and pelletization processes 
as generally known in the art and are fed continuously into the top of a gravity 
conveyed, plug flow solid phase polymerization vessel assembly 10. The pellets 
can be added to the assembly at room temperature or can be preheated (not 
shown). A substantially oxygen-free gas such as nitrogen is fed into the bottom of 
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the vessel at 12 and is circulated upwardly through the vessel counter current to 
the direction of pellet flow. Gas flow is maintained low enough to preclude 
fluidization of the pellets. The pressure in the vessel is maintained at or slightly 
above atmospheric. The gas exits the vessel through line 14 at the top of the solid 
phase polymerization vessel 10. Preferably, the exit gas is recirculated to the 
vessel through a dryer system 16, such as a desiccant bed dryer set out in the 
figure by use of dashed lines, in order to maintain the dew point of the feed gas at 
the desired temperature. In Figure 1, the dual bed desiccant dryer system 16 
includes a filter 18, cooler 20, recirculating gas blower 22, two desiccant beds 24 
and 24', dew point sensor 26, and gas heater 28. Filter 18 removes fine dust 
generally comprising volatile oligomers which have been removed from the pellets 
and subsequently precipitated out as the gas has cooled. Generally, filters of 
nominally 40 microns or less are sufficient to remove the fine powder that can be 
created in the process. It is important to remove the volatile oligomers before the 
gas passes through the desiccant beds as they can be a fire hazard during 
regeneration of the desiccant. The gas cooler 20 cools the gas to temperatures of 
below 120°C, preferably 80 to 100°C, which temperatures are generally required 
for molecular sieve desiccants to be effective in drying the circulating gas. 
Molecular sieves, for example those of sodium aluminosilicate, potassium sodium 
aluminosilicate and calcium sodium aluminosilicate, are suitable for use as a 
desiccant to dry the gas to the required dew points. Only one of the desiccant beds 
24 and 24' are on-line while the other one is being regenerated. The regeneration 
system (not shown in Figure 1) includes an intake air filter, blower and heater to 
dry the off-line desiccant bed. Molecular sieve desiccants are generally 
regenerated by heating above about 180°C. A microprocessor can be used to 
control the switching cycle of desiccant beds, typically every four hours. The 
humidity of the gas is monitored by a dew point sensor 26. The temperature of the 
gas is then raised by heater 28 to the desired temperature and recirculated back to 
the solid phase polymerizer 10. The flow of the circulating gas is maintained 
approximately constant by blower 22. The solid phase polymerized, high 
molecular weight pellets can be withdrawn periodically from a sample port 30. 
The pellets are generally withdrawn from the bottom of the vessel at the same rate 
that pellets are fed into the top to maintain the pellet bed height in the vessel 
constant. The solid phase polymerizer may be coupled to a pellet feeder 32, for 
example a gravimetric feeder, fed into a melt extruder 34 and pumped to a 
spinning machine or compounding facility indicated by 36 using a melt pump 38. 
Colorants or other additives can be added in the extruder. Alternatively, the high 
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molecular weight pellets can be fed from the solid phase polymerizer 10 to a pellet 
cooler 40 and packaged as resin for molding applications or remelting for fiber or 
compounded resin at a later time. 

To further accelerate solid phase polymerization, the pellets may be 
dried prior to being fed into the solid phase polymerization vessel. Conventional 
circulating hot gas dryers or microwave radiation may be used to dry the pellets. 
A prefen-ed method for quickly drying polyamide resin pellets is by the use of a 
high frequency electric field, as described in Lowe U.S. Patent 5,237,755. Pellets 
can generally be dried at low temperatures in less than 15 minutes using high 
frequency electric fields, with no increase in yellowness. The drying of polyamide 
pellets using this method is accomplished by placing the pellets between at least 
two electrodes, arranging the electrodes and applying a high frequency voltage to 
those electrodes so that the heating rate of the polyamide resin is preferably 
between 0.5°C/minute and 50°C/minute, more preferably between 0.5°C/minute 
and 25°C/minute, most preferably between 2°C/minute and 10°C/minute, and 
withdrawing the water evolved from the space around the pellets. The pellets may 
be preheated prior to RF drying, in which case drying can be accomplished by 
applying voltage to the electrodes so that the heating rate is less than 0.5°C/minute 
to maintain the polymer at the desired temperature. RF drying may be conducted 
in an oxygen-free gas such as nitrogen, carbon dioxide, or mixtures thereof. 
Oxygen-containing gases such as air can also be used so long as the temperature of 
the pellets during RF drying is maintained less than about 90°C to minimize 
oxidation. Preferably the dew point of the gas is maintained at -10 to -40°C during 
RF drying. The frequency of the electric field should preferably be between 0.8 
and 200 MHz, more preferably between 10 and 100 MHz, and most preferably 
between 10 and 70 MHz. The high frequency voltage can be applied to the 
electrodes in a continuous fashion or can be pulsed on and off or varied in voltage 
and/or frequency. 

An example of high frequency drying used in the current process is 
shown in Figure 2. In this alternate embodiment again of a continuous process is 
being illustrated wherein the desiccant bed dryer system 16 is identical to that 
described for Figure 1 and as such the identical numeral are used where 
appropriate. However, in the specific embodiment of Figure 2 the desiccant bed 
dryer system 16 is coupled to a hopper 42 wherein circulating gas is used for 
removing surface moisture from the pellets while moisture from the interior of the 
pellets is brought to the surface by a radio frequency, RF, generator 44. If the 
circulating gas contains oxygen, it is necessaiy that the pellets be maintained at 
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less than 90°C during RF drying. It is desirable that the pellets contain an 
antioxidant in addition to the phosphorus catalyst, especially if air is used in the 
RF drying step. Moisture in the pellets can be reduced from -0.5 to 0.005 wr% in 
less than 10 minutes. The dry pellets are then transferred to solid phase 
polymerizer 10 where dry oxygen-free gas is used to strip oxygen out and heat the 
pellets to 100 to 160°C and rapidly solid phase polymerize to high molecular 
weight. It is not necessary to dry the gas that is recirculated through the solid 
phase polymerizer when the moisture in the incoming pellets has been reduced to 
less than about 0.005 to about 0.01 wt% in the RF heating step. The gas which is 
removed at the top of the solid phase polymerizer for recirculation is passed 
through a filter 46 to remove any dust, such as that formed by precipitated 
oligomers which have volatilized from the pellets in the solid phase polymerizer 
10. A blower 48 circulates the gas through heater 50 and into the bottom of the 
solid phase polymerizer 10. Oxygen-free gas having a dew point of -10 to -40°C 
is added to the circulating gas at 52 to maintain a constant purge through the top of 
hopper 42 at 54. Moisture generated from RF drying is also vented at 54. The 
overall processing time to achieve the desired increase in molecular weight can be 
reduced to less than 2 hours, generally 0.5 to 2 hours, using a RF drying step prior 
to solid phase polymerization. In the embodiment shown in Figure I, much of the 
residence time in the upper portion of the solid phase polymerization vessel 10 is 
spent removing the moisture from the pellets, with most of the solid phase 
polymerization occurring in the bottom portion of the vessel 10. Predrying the 
pellets using RF heating allows smaller solid phase polymerization vessels to be 
used as there is little drying which occurs in the solid phase polymerization vessel. 

Figure 3 illustrates the typically observed differences between the 
third order rate constants, K3, for catalyzed pellets using conventional 50°C dew 
point drying gas versus -40°C dew point gas at measured temperatures and as 
extrapolated to lower temperatures. Clearly the logarithmic vertical axis and the 
spacing between the plotted curves establish a significant kinetic rate of reaction 
advantage associated with the simultaneous use of very low dew point gas in 
combination with phosphorus-containing catalyst pellets. Figure 4 further 
illustrates similar measured rate constants as a function of temperature for 
uncatalyzed pellets again with and without low dew point drying gas. Again a 
synergistic effect of the upper curve supports the advantage of the simultaneous 
use of both low dew point gas and phosphorus-containing catalyst. Clearly the 
individual effects of low dew point and the presence of catalyst are minor 
compared to the simultaneous effect of both. 
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The following examples are presented to more fully demonstrate and 
further illustrate various individual aspects and features of the present invention 
while the comparative examples and showings are intended to further illustrate the 
differences and advantages of the present invention. As such the examples are felt 
to be non-limiting and are meant to illustrate the invention but are not meant to be 
unduly limiting in any way. 

Examples 1 to 7 were run according to the following procedure. The 
starting polymers were cryogenically ground using a Wiley Laboratory Mill Model 
4 and sieved to pass through a 10 mesh screen and be retained on a 20 mesh 
screen. This provided consistent particle size for each run (0.084 to 0.198 cm). 
The polymer was dried at 80°C for 5 hours under vacuum. A stainless steel 
cylindrical reactor measuring 4.1 cm in diameter and 12.7 cm in length was loaded 
with 70 grams of polyamide and pressure tested for leaks. The reactor was then 
pressurized to 30 psig with dry nitrogen and released three times as an initial air 
purge. The reactor was generally purged overnight at an ambient temperature with 
dry nitrogen flowing at 300 cc/min. 

At the start of the run the reactor was lowered into a heated sand 
bath. Dry nitrogen flow through the reactor was maintained at 300 cc/min 
(measured at ambient temperature) at a pressure of 5 psig. Nitrogen gas was 
passed through a Supelco Carrier Gas Purifier to remove water and oxygen. The 
dew point of this gas was -40°C or less. If a humidified atmosphere was used, 
liquid water was metered into the gas stream using a Hewlett Packard Series 1050 
pump. The gas was humidified by mixing hot nitrogen and liquid water in the 
appropriate ratio. A humidity probe (Vaisala Model 235 Humidity Probe) verified 
that the dew point of the gas was accurate and constant. The reactor remained in 
the sand bath for a set amount of time (2 to 5 hours). It required one hour for the 
contents of the reactor to reach the temperature of the sand bath, therefore the 
times reported in the Examples are the time at temperature after the one hour heat 
up. When specified reaction times were ended, the water flow was stopped and 
the gas exit line from the reactor was closed. The reactor was removed from the 
sand bath and immersed in dry ice. During cooling the reactor was pressurized to 
20 psig with nitrogen. The contents of the reactor cooled from 180°C to less than 
135°C in 5 minutes. The polymer was analyzed for amine and acid ends by the 
methods described on pages 293 and 294 in volume 17 of the "Encyclopedia of 
Industrial Chemical Analysis" published by John Wiley & Sons, Inc. in 1973. The 
number average molecular weights, Mn, reported in the examples below were 
calculated from the sum of the amine and acid ends. Third order rate constants 
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were calculated using the method described on pages 40 and 41 in "Nylon Plastics 
Handbook" edited by M. I. Kohan and published by Hanser/Gardner Publications, 
Inc. in 1995. Rate constants reported in the tables below have been multiplied by 
100,000. The rate constants are especially useful in comparing solid phase 
polymerization rates for examples where the starting molecular weights of the 
catalyst-free and catalyst-containing polymers are significantly different. The 
catalyst factor is calculated by dividing the rate constant for polymer with catalyst 
by the rate constant for polymer without catalyst. In these examples, dry dew 
point indicates a dew point of -40°C or less. Samples prepared according to the 
process of the current invention are indicated by numerical values. Control sample 
numbers are indicated by letters, with catalyst-containing samples run at high dew 
point indicated with a prime. 

Example 1 

This example demonstrates the synergistic effect of catalyst and low 
dew point on increasing the rate of solid phase polymerization for a nylon 6,6 
multipolymer using 2(2'-pyridyl) ethyl phosphoric acid, PEPA, catalyst. 

Multipolymer comprising 3% MPMD,I/1.5% 6,5-sulfoisophthalic 
acid /95.5% 6,6 was prepared without the addition of catalyst by polymerizing the 
a solution of the corresponding diacid-diamine salts using known methods. The 
catalyst-free multipolymer had a number average molecular weight, Mn, of 
1 1,500. Catalyst-containing multipolymer was prepared by adding PEPA catalyst 
during the polymerization. Multipolymer samples were prepared containing 1 
mole of PEPA per million grams, mpmg, (i.e., 187 ppm) and 2 mpmg (374 ppm) 
PEPA catalyst, calculated based on the final weight of the multipolymer. The 
multipolymers containing 1 mpmg and 2 mpmg catalyst had number average 
molecular weights of 12,800 and 1 3,200, respectively. 

The polymers were heated in the solid phase in nitrogen for two 
hours at various dew points and temperatures. Results are given in Tables IA and 
IB (see also Figure 4) for 1 mpmg PEPA and 2 mpmg PEPA, respectively. These 
results demonstrate that the rate of solid phase polymerization of catalyst- 
containing polymer at dew points of -40°C or less (Samples 1, 2, 3, 5, and 6) are 
significantly higher than when the same polymer is solid phase polymerized at 
50°C dew point (Samples B\ E', 1', K\ and L'). The rate of solid phase 
polymerization of catalyst-free polymer is relatively unaffected by dew point and 
is significantly lower than the rate of solid phase polymerization of catalyst- 
containing polymer at low dew points. Catalyst factors for dew points of -40°C or 
lower range from 3.4 to 7.0 compared to catalyst factors at a dew point of 50°C of 
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0.8 to 1.4. For solid phase polymerization at 160°C at a dew point of 29°C, 
catalyst factor of 2.0 is obtained (Samples 4 and H). 



TABLE IA 

Solid Phase Polymerization of 3% MPMD,I /1.5% 6,5-sulfoisophthalic 
acid /95.5% 6,6 Multipolymer With and Without 1 mpmg PEPA Catalyst 



Sample 


Catalyst 


Temp 


N2 dew pt. 


Mn 


Rate 


Catalyst 






(°Q 


(°Q 




Constant 


Factor 


1 


Y 


180 


dry 


18,100 


3.1 


3.4 


A 


N 


180 


dry 


13,700 


0.91 




B' 


Y 


180 


50 


14,500 


0.86 


1.1 


C 


N 


180 


50 


14,600 


0.76 




2 


Y 


200 


dry 


25,100 


9.2 


4.4 


D 


N 


200 


dry 


16,200 


2.1 




F 


Y 


200 


50 


17,600 


2.3 


1.09 


F 


N 


200 


50 


17,600 


2.1 





TABLE IB 

Solid Phase Polymerization of 3% MPMD.I /1.5% 6,5-sulfoisophthalic 
acid /95.5% 6,6 Multipolymer With and Without 2 mpmg PEPA Catalyst 



Sample 


Catalyst 


Temp 


N2 dew pt. 


Mn 


Rate 


Catalyst 






(°C) 


(°C) 




Constant 


Factor 


3 


Y 


160 


dry 


16,400 


1.6 


7.0 


G 


N 


160 


dry 


11,400 


0.23 




4 


Y 


160 


29 


13,800 


0.48 


2.0 


H 


N 


160 


29 


11,400 


0.24 




r 


Y 


160 


50 


13,600 


0.19 


0.8 


J 


N 


160 


50 


11,800 


0.25 




5 


Y 


180 


dry 


21,900 


5.8 


6.4 


A 


N 


180 


dry 


13,700 


0.91 




K' 


Y 


180 


50 


15,100 


0.94 


1.2 
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c 


N 


180 


50 


14,600 


0.76 




6 


Y 


200 


dry 


30,600 


13 


6.2 


D 


N 


200 


dry 


16,200 


2.1 




L* 


Y 


200 


50 


19,700 


3.0 


1.4 


F 


N 


200 


50 


17,600 


2.1 





Example 2 

This example demonstrates the synergistic effect of catalyst and low 
dew point on increasing the rate of solid phase polymerization for a nylon 6,6 
homopolymer containing sodium hypophosphite catalyst. 

Nylon 6,6 homopolymer was prepared by polymerizing a 
stoichiometric salt of hexamethylene diamine and adipic acid using methods 
known in the art. The catalyst-free polymer had a number average molecular 
weight, Mn, of 17,400. Catalyst-containing homopolymer was prepared by adding 
0.2 mpmg (20 ppm) sodium hypophosphite catalyst and 2.6 mpmg (220 ppm) 
sodium bicarbonate, calculated based on the final polymer weight, during the 
polymerization reaction. The catalyst-containing polymer had a Mn of 16,200. 

Individual polymer samples were heated in the solid phase in 
nitrogen at varying dew points for periods of 1 hr and 2 hrs. Results of solid 
phasing at various temperatures are given in Table II. The impact of catalyst on 
rate constant increases with increasing solid phase polymerization temperature. At 
200°C under dry conditions, catalyst factors of 3.5-4.2 are obtained compared to 
catalyst factors of 1.2-1.4 at the same temperature and a dew point of 50°C. This 
compares with catalyst factors of 1.3 at a dew point of approximately -40°C and 
0.8 at 50°C dew point for solid phase polymerization at 160°C. Catalyst factors of 
less than 1 indicate that the rate of solid phase polymerization is higher for 
catalyst-free polymer than catalyst-containing polymer. 

TABLE II 

Solid Phase Polymerization of Nylon 6,6 Homopolymer 
With and Without 0.2 mpmg Sodium Hypophosphite Catalyst 

Sample Catalyst Temp N2dewpt. Time Mn Rate Catalyst 
(°C) (°C) (hrs) Constant Factor 



Y 160 dry 4 19,100 0.76 1.3 
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M 


N 


160 


dry 


4 


19,300 


0 59 




N' 


Y 


160 


50 


4 


18,200 


0.53 


80 


0 


N 


160 


50 


4 


19,200 


0 66 




8 


Y 


180 


dry 


1 


20,400 


3.3 


2 2 


P 


N 


180 


dry 


1 


18,300 


1.5 




Q' 


Y 


180 


50 


1 


18,700 


1.9 


.95 


R 


N 


180 


50 


1 


18,600 


2.0 




9 


Y 


180 


dry 


2 


21,200 


2.9 


2 6 


S 


N 


180 


dry 


2 


19,900 


1 1 




T 


Y 


180 


50 


2 


19,900 


1 6 


1 1 

1 « 1 


U 


N 


180 


50 


2 


19,300 


1 5 




10 


Y 


200 


dry 


1 


24,900 


10 


4 2 


V 


N 


200 


diy 


1 


20,000 


2 4 




W 


Y 


200 


50 


1 


21,600 


5 2 


1 4 

l.*T 


X 


N 


200 


50 


1 


20,200 


3.6 




11 


Y 


200 


dry 


2 


27,800 


8.3 


3.5 


Y 


N 


200 


dry 


2 


21,300 


2.4 




Z 


Y 


200 


50 


2 


23,900 


3.6 


1.2 


AA 


N 


200 


50 


2 


22,800 


3.0 





Example 3 

This example demonstrates the synergistic effect of catalyst and low 
dew point on increasing the rate of solid phase polymerization for a nylon 6,6 
homopolymer using 2(2'-pyridyl) ethyl phosphonic acid (PEPA) catalyst. 

The catalyst-free nylon 6,6 homopolymer prepared in Example 2 
having a number average molecular weight, Mn, of 17,400 was used in this 
example. Catalyst-containing nylon 6,6 homopolymer was prepared by adding 1 
mpmg (187 ppm) PEPA catalyst, based on the final weight of the polymer, during 
the polymerization. The catalyst-containing homopolymer had a Mn of 14,000. 

Individual polymer samples were heated in the solid phase in 
nitrogen at varying dew points for varying temperatures. The results are 
summarized in Table III. The catalyst factors for solid phase polymerization at a 
dew point of -40°C or less range from 1.9 to 3.6 versus 0.9 to 1.1 at a dew point of 
50°C. 
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TABLE III 

Solid Phase Polymerization of Nylon 6,6 Homopolymer 
With and Without 1 mpmg PEPA Catalyst 



Sample Catalyst 


Temp 


N2 dew pt. 


Time 


Mn 


Rate 


Catalyst 






(°Q 


(°C) 


(hrs) 




Constant 


Factor 


12 


Y 


160 


dry 


4 


18,200 


1.1 


1.9 


M 


N 


160 


dry 


4 


19,300 


0.59 




BB' 


Y 


160 


50 


4 


16,800 


0.58 


0.9 


0 


N 


160 


50 


4 


19,200 


0.66 




13 


Y 


180 


dry 


1 


19,200 


3.8 


2.5 


P 


N 


180 


dry 


1 


18,300 


1.5 




CC 


Y 


180 


50 


1 


17,300 


1.7 


0.9 


R 


N 


180 


50 


1 


18,600 


2.0 




14 


Y 


180 


dry 


2 


21,600 


4.0 


3.6 


S 


N 


180 


dry 


2 


19,900 


1.1 




DD' 


Y 


180 


50 


2 


18,800 


1.6 


1.1 


U 


N 


180 


50 


2 


19,300 


1.5 





Example 4 

This example demonstrates the effect of catalyst and low dew point 
for nylon 6,6 homopolymer with potassium tolylphosphinate catalyst. 

The catalyst-free homopolymer prepared in Example 2 and having a 
number average molecular weight, Mn, of 17,400 was used in this example. 
Catalyst-containing homopolymer was prepared by adding 5 mpmg (970 ppm) 
potassium tolylphosphinate based on final polymer weight during polymerization. 
The catalyst-containing homopolymer had a Mn of 13,300. 

Individual polymer samples were heated in the solid phase at 180°C 
in nitrogen at varying dew points for periods of 1 hr and 2 hrs. Results are given 
in Table IV. The increase in rate with potassium tolylphosphinate catalyst was 
less than that obtained using other catalysts which were investigated. Catalyst 
factors of 1.2 and 1.5 were obtained at a dew point of -40°C or less compared with 
catalyst factors of 0.9 at 50°C dew point. 
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TABLE IV 

Solid Phase Polymerization of Nylon 6,6 Homopolymer 
With and Without 5 mpmg Potassium Tolylphosphinate Catalyst 



Sample 


Catalyst 


Temp 


N2 dew pt. 


Time 


Mn 


Rate 


Catalyst 






(°C) 


(°Q 


(hrs) 




Constant 


Factor 


17 


Y 


180 


diy 


1 


15,700 


1.8 


1.2 


GG' 


N 


180 


dry 


1 


18,300 


1.5 




18 


Y 


180 


50 


1 


15,300 


1.7 


0.9 


HH' 


N 


180 


50 


1 


18,600 


2.0 




19 


Y 


180 


diy 


2 


16,700 


1.6 


1.5 


ir 


N 


180 


diy 


2 


19,900 


1.1 




20 


Y 


180 


50 


2 


16,100 


1.3 


0.9 


JJ' 


N 


180 


50 


2 


19,300 


1.5 





Example 5 

This example demonstrates the increase in solid phase 
polymerization rate for a catalyst-containing nylon 6,6 terpolymer at low dew 
point. 

Terpolymer comprising 1.5% MPMD ,1/98.5% 6,6 containing 0.26 
mpmg (47 ppm), based on final polymer weight, manganese hypophosphite 
(Occidental Chemical Corporation) was prepared by polymerizing the 
corresponding QUacid-diainine salts using known methods and adding the catalyst 
during the polymerization. The catalyst-containing terpolymer had a Mn of 
14,000. 

Individual catalyst-containing terpolymer samples were solid phase 
polymerized at varying temperatures for 4 hrs at 46°C dew point and under dry 
conditions. Catalyst-free samples were not run. Results are given in Table V and 
illustrate the increase in rate constant under dry conditions versus at high dew 
point for catalyst-containing terpolyamide. At temperatures of 180 and 200°C, the 
rate under dry conditions is more than twice the rate at 46°C dew point. 
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Solid Phase Polymerization of 1.5% MPMD.I /98.25% 6,6 Terpolymer 
Containing 0.26 mpmg Manganese Hypophosphite 



Sample Catalyst 


Temp 


N2 dew pt. 


Mn 


Rate 






(°C) 


(°Q 




Constant 


17 


Y 


140 


dry 


14,600 


0.28 


GG' 


Y 


140 


46 


14,700 


0.21 


18 


Y 


160 


dry 


16,800 


0.82 


HH' 


Y 


160 


46 


16,400 


0.56 


19 


Y 


180 


dry 


24,400 


3.7 


IT 


Y 


180 


46 


19,500 


1.6 


20 


Y 


200 


dry 


41,500 


11 


JJ' 


Y 


200 


46 


27,100 


4.0 








Example 6 





This example demonstrates the increase in solid phase 
polymerization rate for a catalyst-containing nylon 6,6 terpolymer at low dew 
point. 

Terpolymer comprising 1.75% MPMD.I /98.25% 6,6 containing 0.2 
mpmg (40 ppm), based on final polymer weight, manganese hypophosphite was 
prepared by polymerizing the corresponding diacid-diamine salts in the presence 
of the catalyst using known methods. The catalyst-containing terpolymer had a 
Mn of 13,900. 

Individual catalyst-containing terpolymer samples were solid phase 
polymerized at 200°C for 4 hrs at a dew point of 50°C and under dry conditions. 
Catalyst-free samples were not run. Results are given in Table VI. The rate under 
dry conditions is approximately 3.5 times that at a dew point of 50°C. 
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T ABLE VI 

Solid Phase Polymerization of 1.75% MPMD,I /98.25% 6,6 Terpolymer 
Containing 0.2 mpmg Manganese Hypophosphite 



Sample Catalyst Temp N2dewpt. Mn Rate 
(°C) (°C) Constant 

21 Y 200 dry 42,600 16 

KK' Y 200 50 27,500 4.7 

Example 7 

This example demonstrates the synergistic effect of catalyst and low 
dew point on the rate of solid phase polymerization for nylon 6 polymer 
containing sodium hypophosphite catalyst. 

The catalyst-free nylon 6 used in this example was Allied Capron 
8200 having a number average molecular weight, Mn of 18,300. Catalyst- 
containing nylon 6 having a Mn of 17,100 was prepared by the following 
procedure. An evaporator was charged with 20 pounds of caprolactam, 10 pounds 
of deionized water, 0.25 grams of sodium hypophosphite and 0.8 grams of Dow 
Corning B antifoam. The mixture was brought to a boil to purge oxygen from the 
system. At 100°C, 5 pounds of water was boiled off. The solution was flushed 
into a stainless steel autoclave using 5 pounds of water. The mixture was agitated 
at 15 rpm with a pressure controller set at 250 psig. The contents were heated to 
240°C and then the pressure was reduced to atmospheric in 90 minutes while 
increasing the temperature to 272°C. The batch was finished at one atmosphere 
and 272°C for 30 minutes. The product was cast into water as a filament and cut 
into pellets. 

Individual samples of the polymer were heated at 180°C for 1 hour 
at 50°C dew point and under dry conditions. Results are given in Table VII and 
illustrate the increased effect of catalyst under dry conditions versus at 50°C dew 
point. 
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TABLE VII 

Solid Phase Polymerization of Nylon 6 With and Without 
Sodium Hypophosphite Catalyst 



Sample Catalyst 


Temp 


N2 dew pt. 


Mn 


Rate 






(°C) 


(°Q 




Constant 




22 Y 


180 


dry 


19,400 


4.2 


2.6 


LL N 


180 


dry 


19,600 


1.6 




MM' Y 


180 


50 


18,200 


1.5 


1.1 


NN N 


180 


50 


19,900 


1.4 








Example 8 







This example demonstrates the effect of catalyst at low dew point for 
nylon 6,6 homopolymer containing 0.5 mpmg PEPA catalyst that was solid phase 
polymerized at 120°C, which is significantly lower than traditional solid phase 
polymerization temperatures. 

Catalyst-containing homopolymer was prepared by adding 0.5 
mpmg, based on final weight of polymer, of PEPA catalyst to hexamethylene- 
diammonium adipate solution and polymerization of the catalyst-containing salt 
solution. 

Catalyst-containing homopolymer pellets were solid phase 
polymerized at 120°C in a gravity-fed solid phase polymerization vessel 
substantially as shown in Figure I. The pellets were fed into the top of the vessel 
at a rate of such that the total residence time in the solid phase polymerization 
vessel was 4.35 hours. Nitrogen gas was introduced into the bottom of the vessel 
and circulated through the vessel at a superficial velocity (velocity of gas in the 
absence of pellets) of approximately 1 ft/sec. The nitrogen removed from the top 
of the vessel was recirculated to the vessel through a dual desiccant bed dryer 
manufactured by Novatec. The dryer includes an internal micron filter, cooler, 
blower, dew point sensor, and heater, as shown in Figure 1, as well as a 
regeneration system with intake air filter, blower, and heater. The desiccant beds 
contained molecular sieves of sodium aluminosilicate. A microprocessor 
controlled the switching cycle of the desiccant beds, typically every four hours. 
The dew point of the feed gas going into the solid phase polymerizer was 
maintained at -40°C and was monitored with an aluminum oxide dew point sensor 
calibrated between -80 to 0°C (Cosa Instrument Corporation). The temperature of 
the dried gas returning to the solid phase polymerizer was controlled at 120°C. 
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High molecular weight pellets were withdrawn from a sample port at the bottom of 
the solid phase polymerization vessel for RV analysis, see Anolick et al. U. S. Pat. 
No. 5,543,495. Rate constants were calculated as described for Examples 1 to 7 
and are reported in the Table VIII after being multiplied by 100,000. Results 
given in Table VIII for catalyst-free nylon 6,6 homopolymer are calculated. 

TABLE VID 

Sample Catalyst Inlet Outlet Delta Inlet Outlet Delta Rate Catalyst 

RV RV RV Mn Mn Mn Factor 



23 Y 42.8 45.3 

OO N 42.8* 44.8* 
*For non-catalyzed polymer: 
Delta RV =1.648 x 10* • e<- 8 .651/°K) 



1.3 



22. 



2.5 14,557 15,041 484 0.16 
2.0* 389 0.12 

• (Residence Time, hours) 



The industrial advantages and benefits of the present invention can 
be viewed as being associated with and/or derived from the combination of using 
simultaneously a phosphorus-containing catalyst and the recycle of very low dew 
point drying gas at lower operating temperatures than previously employed in 
conducting solid phase polymerization of polyamide polymer. This combination 
results in lower investment costs and/or greater production capacity (i.e., lower 
capital investment per unit production); shorter hold-up time and/or lower reactor 
in production inventory (i.e., shorter residence times); and reduced evolution of 
cyclic oligomers and oxidative degradation. In addition to the direct economic 
advantage of each, the improved process of solid phase polymerization exhibits 
economic advantages during transition between different product grades 
sequentially produced in the same reactor in a commercial scale plant in that a 
significantly reduce amount of "off-spec" material is manufactured during the 
transition. The improved process is of particular value during the production of 
modern terpolyamide and multipolyamide polymer intended for use in colored 
nylon fiber manufacture. 

Having thus described and exemplified the invention with a certain 
degree of particularity, it should be appreciated that the following claims are not to 
be so limited but are to be afforded a scope commensurate with the wording of 
each element of the claim and equivalents thereof. 
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CLAIMS 

We claim: 

1 • A method for solid phase polymerizing polyamide polymer 

comprising the steps of: 

(a) passing an oxygen free gas, wherein said gas is characterized by a 
dew point less than 30°C, through the interstitial space between particulate 
solid phase polyamide polymer, wherein said polymer contains an effective 
amount of a phosphorus-containing catalyst, at a temperature and for a time 
sufficient to sustain solid phase polymerization of said polyamide polymer 
at a reaction rate characterized by a catalyst factor, corresponding to the 
ratio of 3rd order rate constants of catalyst-containing polymer divided by 
uncatalyzed polymer, of greater than 1.2; and 

(b) recovering polyamide polymer of increased molecular weight. 

2 - A method of Claim 1 wherein said particulate solid phase polyamide 

polymer is introduced to the top of a solid phase polymerization vessel and 
removed at the bottom and simultaneously said oxygen free gas phase is 
introduced to the bottom of said vessel and removed from the top and further 
comprising the steps of: 

(a) passing at least a portion of said oxygen free gas phase removed 
from said vessel through a desiccant such as to lower the dew point to a 
value of -30°C or below; and 

(b) recycling the low dew point gas produced in step (a) to the bottom of 
said solid phase polymerization vessel. 

3. A method of Claim 1 further comprising the step of: subjecting said 
particulate solid phase polyamide polymer to radio frequency drying prior to 
introducing said polymer to the top of a solid phase polymerization vessel. 

4. The method of claim 1, wherein the phosphorus-containing catalyst is 
selected from the group consisting of 2(2'-ijyiydyl) ethyl phosphonic acid, sodium 
hypophosphite, tolyl phosphinate and manganese hypophosphite. 
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5. The method of claim 1, wherein the polyamide polymer is selected 

from the group consisting of nylon 6,6, MPMD,I/6,5-sulfoisophthalic acid/6,6 
multipolymer, MPMD,I/6,6 terpolymer, and nylon 6. 



5 6. The method of claim 1, wherein the circulating oxygen free gas consists 
essentially of nitrogen. 
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